The grain quality in rice is extremely important for breeding programs, in order to select lines that meet the standards demanded by the market. The quality attribute is composed by several characteristics, which can make difficult the work for breeder. Thus, the objective in this study was to verify the efficiency of the selection indexes in order to select upland rice lines that meet the grain quality standards. Fourteen lines of the Cultivation and Use Value test (CUV) of the upland rice breeding program of the Federal University of Lavras were evaluated. The experiments were conducted in the municipalities of Lavras-MG and Lambari-MG in the seasons of 2015/2016 and 2016/2017. The experimental was a randomized block design with three replications. The following characteristics were evaluated to compose the indexes: grain yield, minimum cooking time, water absorption index, grain chalkiness, integer grain percentage, grain length and width, apparent amylose content and gelatinization temperature. The following selection indexes were compared: Base index of Willians, Sum of "Ranks" of Mulamb and Mock, and Index Sum of Standardized Variables (Z Index) and also was held direct selection through grain yield. It was observed that the Base index obtained good gains with the selection for grain yield, but it was inefficient for the quality characteristics, results when used direct selection. The Ranks and Z index obtained superior and balanced gains for the characteristics, showing up more efficient in the selection of upland rice lines aiming at the quality of grains.
Introduction
Rice is a major food grown and consumed worldwide, being the most important crop in many developing countries, feeding about half of the world population (United States Department of Agriculture -USDA, 2017). The quality of the rice grains is determinant to add value to the product and to the acceptance by the consumer and the industry.
The quality of grains in rice is focused on four main aspects: industrial quality, nutritional value, adequacy to commercial standards, and culinary and sensorial quality (Fitzgerald, Mccouch, & Hall, 2009 ). These aspects are controlled by physicochemical factors that are fundamental for the knowledge of the characteristics of the rice grains after their preparation, assisting plant-breeding programs in the search for better cultivars.
The first index was proposed by Smith (1936) , in which the use of a selection index would be a simultaneous selection criterion for two or more correlated characteristics. It was later adapted to animal genetic improvement by Hazel (1943) . The economic weights, genotypic and phenotypic variances for each trait, and genotypic and phenotypic covariates between each pair of traits are required (Freitas Junior et al., 2009) . Afterwards, Williams (1962) proposed the Base index, in which the indexes are made by means of the linear combination of the average phenotypic values of the characteristics that are weighted by their respective economic weights. The index based on the sum of ranks proposed by Mulamba and Mock (1978) consists of classifying the genotypes in relation to each of the characteristics in descending order. Once classified, the orders of each genetic material referring to each characteristic are added (Freitas Junior et al., 2009 ). Furthermore, the Z sum of the standardized variables (Z Index) in which the characteristics data are standardized with the intention of making them directly comparable, was also proposed (Nunes, Ramalho, & Abreu, 2005) .
Therefore, the purpose with this study was to evaluate the use of selection indexes for upland rice, aiming to select genotypes with high grain quality and comparing them with direct selection considering the productivity.
Materials and Methods

Study Area
The experiments were carried out in Lavras, at the Center for Scientific and Technological Development in Agriculture of the Federal University of Lavras, and in Lambari, Minas Gerais state, at the experimental farm of EPAMIG, during the 2015/2016 and 2016/2017 harvests.
Genotypes
Fourteen lines of the Cultivation and Use Value test (CUV) of the upland rice-breeding program of the Federal University of Lavras were evaluated (Table 1) . 
Experimental Design
The experiment followed a randomized block design with three replications. The plots consisted of five rows of four meters and the seeding density was 80 seeds per linear meter with spacing between rows of 35 cm and a useful plot area of 4.2 m 2 . Sowing was carried out between November and December in 2015 and 2016. The cultural practices were the same as those recommended for upland rice cultivation, except for the control of fungal diseases, since the program also evaluates resistance to disease.
The evaluated characteristics and their respective methodologies are described below:
(a) Grain Yield (kg/ha): Obtained in grams per plot and converted to kg/ha, referring to the useful area of the plot eliminating the two lateral lines;
(b) Integer Grain Percentage (%): Percentage of whole grains resulting from the processing of rice grains. Samples (100 g) were processed immediately after harvested, threshing and drying in a mill (Susuki, model MT 10).
(c) Chalkiness (%): Percentage of grains (white center) in samples of 100 milled grains of each plot. Each grain was classified as chalkined or no-chalkined, and the percentage of chalkined grains was counted.
(d) Apparent Amylose Content (AAC) (%): The analysis was conducted at the Laboratory of Grains and By-products of Embrapa Rice and Beans by using a Foss Tecator FIA System (FIAStar 5000, Denmark) to determine the apparent amylose content. Rice samples, which were previously ground in a Perten Laboratory Mill 3100 mill, were injected after complete dispersion and gelatinization in alkaline solution, and the absorbance of the complex formed with iodine solution was determined in a UV-Visible spectrophotometer "Dual-Wavelength (DDW)" at 720 nm. The amylose content of the samples was calculated based on a calibration curve prepared with preselected standard rice cultivars with known amylose contents determined by ISO 6647: 2007 Rice-Determination of amylose content of the International Organization for Standardization and classification followed the scale determined by Juliano (2003) .
(e) Gelatinization Temperature (GT): Gelatinization temperature (GT) was determined in the Laboratory of Grains and By-products of Embrapa Rice and Beans, using a methodology adapted from Martinéz and Cuevas (1989) . Ten grains (whole, healthy and polished) from each sample were evenly distributed on a 4.8 cm diameter plastic plate containing 10 mL of 1.7% potassium hydroxide solution (KOH). Plates were capped and incubated in an oven (FISHER, model 255G, Waltham, USA) at 30 °C for 23 hours. The grains were classified according to a numerical scale of 1 to 7. The average value of GT of each sample was obtained by multiplying the number of rice grains by the value of the corresponding degree of dispersion and then added and divided by ten.
(f) Cooking Test: It was carried out at the Grain Laboratory of the Department of Agriculture from the Federal University of Lavras. This study comprises several tests, which are carried out aiming to evaluate the behavior of the rice in the cooking process. The following tests were performed: 1) Minimum Cooking Time: A total of 5 g of whole rice were weighed and added in 135 mL of boiling distilled water. After 15 minutes, three grains were placed between two glass slides and these are compressed. This procedure was repeated at certain time intervals until the rice is cooked, which represents the complete gelatinization of the starch (Hummel, 1966; Ciacco & Chang, 1986) .
2) Water Absorption Index: A total of 5 g of whole rice that was cooked as previously described was drained and left for 5 minutes on absorbent paper so that the water present on the surface of the beans was discarded. Afterwards, the cooked grains were weighed and the water absorption coefficient was calculated (Donelly, 1979; Hummel, 1966) .
(g) Grain Size: After processing, a subsample of 100 milled grains of each genotype was considered to obtain the images. The images were captured using a high-resolution camera and later the configuration of the Ground Eye was performed. For background color calibration, the values of luminosity, dimension "a", dimension "b", and grain size were adjusted according to the studied species. Biometric analyzes of the grains were carried out to obtain grain length (L) and width (W).
The grains were classified according to the standards defined by Brazil (2012) as: long-thin (L ≥ 6 mm, W ≤ 2.17 mm, and L/W > 2.75), long (L ≥ 6 mm), medium (L < 6 and ≥ 5 mm) and short (L < 5 mm).
Statistical Analyzes
Analyzes per environment were carried out for all the characteristics, involving all the places used in the experiment. The coefficients of variation and accuracy were used to determine the experimental accuracy. We also estimated the phenotypic correlations between the characteristics considering the average of the environments, according to the methodology of Ramalho et al. (2012) . Analyzes were performed using the GENES software (Cruz, 2001) .
Selection Indexes
Seven characteristics were study, excluding the amylose content and the gelatinization temperature since these characteristics are separated into classes and all the lines obtained the same classification. For all the characteristics, when necessary, the economic weight was considered one. A selection intensity of 25% was assigned on the lines for the evaluated characteristics, totaling four selected lines.
The following indexes were used:
(a) Base index of Williams (1962): jas.ccsenet.org Vol. 11, No. 3; 2019 For n characteristics, the base index is given by the following expression:
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= u 1 y i1 + u 2 y i2 + ... + u n y in (1) where, IW(i) is the value of the base index associated with the individual/strain i; uk is the economic weight of k; yik is the adjusted phenotypic mean of the individual/progeny i relative to the character k.
The determination of the index values considering n characters for v genotypes can be performed in matrix form by the following expression:
where, M is the matrix v × n of the adjusted phenotypic of v individuals/strain associated with n characteristics; u is the vector n × 1 of the economic weights associated with the characteristics.
(b) Index based on the sum of ranks proposed by Mulamba and Mock (1978) : The principle of the sum of ranks index is the transformation into poles of the adjusted phenotypic of the genotypes for each characteristic in order to increase or decrease phenotypic expression. The rank refers to the position or order. From the positions of the lines for each characteristic, the sum for each strain is obtained. The index for n characteristics is given by the following linear combination:
where, I MM i is the value of the Mulamba and Mock index associated with the strain i; uk is the economic weight of the character k; rik is the rank associated with the adjusted phenotypic of the strain i related to k.
(c) Sum of standard variables (Z):
Characteristics data were standardized per plot using the following estimator:
where, Y ijq is the observation of the strain i in the repetition j for the character q;
Y.qj is the general average of the character q in the repetition j; and S.qj is the phenotypic standard deviation of the character q in the repetition j.
In order to avoid negative values, the constant four was added to the estimates, since the variable Zijq can have both positive and negative values. Thus, the population mean became four, instead of zero. After obtaining the values for the seven characteristics, the sum of the Z index was performed.
The GENES software (Cruz, 2001 ) was used to calculate the selection indexes. The index (Z) was obtained using the Excel software (2007).
Selection Gain Estimates
After the establishment of the indexes, the selection gain in each evaluated characteristic was quantified for each index and for the direct selection. The estimate of the total gain was made by the sum of the gains of the individual characteristics. The expected gain for the character j, when the selection is practiced on the index, is expressed by:
where, ∆gj(i) = g(ji) is the expected gain for character j, with selection based on index I; DS(ji) is the differential character; and ℎ is the repeatability of the character j.
Coincidence Index
In order to evaluate the correspondence between the performances of the selected lines by the different selection indexes, the coincidence index was estimated, using the expression proposed by Hamblin and Zimmermann (1986) :
where, A is the number of selected lines common to both selection strategies; C is the number of lines selected in the two selection strategies by chance. It is assumed that, from the number of selected lines, a proportion equal to the intensity of selection coincides by chance.
Results
Regarding the joint variance analysis, the experimental precision was good for almost all the characters with CV less than 20%. Only the characteristic chalkiness showed high CV and lower experimental accuracy.
There was a significant difference for all the characteristics, except for the water absorption index ( Table 2) . The interaction of genotypes by environments was significant for all the characteristics, indicating that the behavior of the lines differed in the four evaluated environments due to the different conditions in which the lines were exposed. There was no coincidence in the phenotypic expression of the genotypes. Note. ** significant, ns not significant at 5% probability by the F test.
Pearson correlation coefficients were obtained for the study of the relations and interferences of between the characteristics. There is a significant and positive correlation between the apparent amylose content and the gelatinization temperature (Table 3) , which is expected since amylose is a determinant of the cooking characteristics. There is a significant and positive correlation between minimum cooking time amylose contents and the gelatinization temperature. Since the scale of grades is reciprocal, negative values indicate a positive correlation. This can be a useful tool for breeding programs to infer about the behavior of one characteristic using the results of another, carrying out an indirect selection and reducing the number of analyzes required for the selection. Table 4 shows the selected lines for each index and also the direct selection. Sample CMG 2119 was selected in all indexes and also in the direct selection. This demonstrates that, in addition to having good productivity, it meets the requirements for grain quality. Table 5 shows the coincidence percentages between indexes and direct selection. It is possible to notice that the Z and Rank indexes selected exactly the same lines. Reis et al. (2015) with eucalyptus and Lima (2015) with beans, also observed a high coincidence between the Z and Rank indexes. The base index coincided in only one strain (25%). Table 6 presents estimates of the percentages of the gains obtained with the selection for each index and with the direct selection for each characteristic. It was also calculated the sum of positive and negative gains with the selection according to each characteristic. The minimum cooking time, chalkiness, and width presented their best results expressed in lower values; therefore, the negative values indicate that there was gain for these characteristics. For the others, the negative values indicate negative gains, demonstrating the difficulty of gathering only good characteristics in a material. Regarding grain yield, the Base Index and Direct Selection provided the highest gains. However, despite this gain in productivity, these indexes presented losses in the quality characteristics, mainly considering chalkiness and integer grain percentage. In addition, the Z Index can be subjected to graphical performance analysis, as shown in Figure 1 , where the graphs of the four best and the four worst lines are arranged. This is a differential of this index because it facilitates the vision of the performance of the lines in general. For example, the best performance lines or "full balls" are more uniform and larger in comparison to the general average, as in the case of lines 3, 9, 7, and 5. The opposite is also valid, the lower performance lines or "withered balls" are lower than the general mean, as in the case of lines 6, 13, 4, and 2. 
Discussion
Regarding the water absorption index, there were no significant differences between the values, which were around 2.0 (200%). The results are similar to those found by Arns et al. (2014) . The rice grain when absorbing more water has a greater increase of its volume and probably greater softness after cooking. The highest estimates are associated to the most promising genotypes for recommendation in the market.
The percentage of grains varied from 1.4% to 13.4%. The chalkiness process in some countries, such as Brazil, is considered a defect. As for Spain and Italy, it is valued commercially. The chalkined grain is characterized when it loses translucency due to changes in the structure of the endosperm starch. For the industry, this type of grain can cause a higher percentage of broken grains during the beneficiation phases and thus affect the framing in differentiated types of grains, devaluing the product for commercialization (Franco et al., 2011) . The consumer market is very demanding regarding the translucency of the endosperm. In general, Type 1 rice, of better quality, should have a maximum of 2.0% of chalkiness (MAPA, 2012) .
Integer grain percentage refers to the percentage of whole rice grains in a given sample or batch. The lowest estimate was 25.8% and the highest was 47.1%, confirming the existence of significant differences between lines ( Table 5 ). The percentage of integer grains is of extreme importance in the economic return of the crop. The rice grain can be broken in the beneficiation for several reasons. Some are inherent to the grain genetics itself and others are related to the handling and type of equipment used in the process. Small increases of 1% or 2% in yield generate significant values when considering the large grain yield (CONAB, 2015) .
The rice grain can be classified into four different classes according to their size: long-thin, long, medium, and short. For rice to be considered long-thin, the grains must have a length of 6mm or greater and a thickness of less than or equal to 1.9mm, with a length/width ratio greater than 2.75. However, as an operational alternative, grains that obtain the adequate ratio and width smaller than 2.17 mm are automatically classified as long-thin (MAPA, 2012) .
The Brazilian consumer market has a preference for long-thin rice (CONAB, 2015) ; thus, it is the most commercialized grain in the country and the focus of breeding programs. All the evaluated lines were classified as long-thin. The grains considered for selection were those that obtained the highest values for length and smaller for width.
For the apparent amylose content, the following classification is considered: glutinous grains (0-4%), very low amylose (5-12%), low (12-20%), intermediate (20-25%), and high (25-30%) (Juliano, 2003) . Higher amylose contents cause grains to be to dry and loose, which may harden after cooling. When the contents are lower, the grains are soft, watery and sticky to each other after cooking (Bao, Sun, & Corke, 2007) . The Brazilian consumer expects fast cooking, where the grains expand well in volume and are loose, dry, and soft after cooking. Moreover, after cooled and reheated, these standards are generally maintained when there is an intermediate amylose content (CONAB, 2015; Mingotte, Hanashiro, & Fornasieri Filho, 2012) . In the present study, considering the characteristic in question, there was a significant difference between lines, but all were classified as intermediate (20% to 25% of amylose), being in agreement with the national preference, being the lowest observed content of 20.8 % and the highest 22.5%.
The gelatinization temperature is also separated by classes, as follow: high, intermediate, and low. The Brazilian market has a preference for the middle class (scores 3 and 4). All studied lines met this criterion, with values varying from 3.8 to 4.2. As the values of amylose content and gelatinization temperature were separated into classes and all the lines obtained the same classification, the two characteristics were not used in the calculation of the Selection Indexes.
Meeting the standards demanded by the consumer and the Brazilian industry is indispensable. However, a given rice strain will only be successful and indicated to the producer if associated to high grain yield. The studied lines obtained a significant difference in relation to grain yield, with an average of 3441.9 kg/ha, which is higher than the national average of productivity in the highlands 2169.0 kg/ha (CONAB, 2017) . All lines had average estimates higher than the national average productivity.
In the recommendation of rice lines, genotypes should possess a series of desirable characteristics in relation to physical, industrial, and chemical quality as well as good yields. In order for none of these attributes to be left aside, one option is to use the simultaneous selection of the characteristics involved by the use of Selection Indexes. In this study, three indexes were used: Base Index (Williams, 1962) , Rank Index (Mulamb & Mock, 1978) and Z index. For performance comparison with indexes, the direct selection considered only the values of grain yield.
The direct selection also shows that CMG 2188 was selected in two other indexes and that CMG 2085 and CMG 1896, despite good productivity, were not well evaluated in relation to grain quality.
The BRS Esmeralda and CMG 2185 lines presented intermediate level yields, but were selected by two indexes, showing that their other characteristics stood out and raised their rank in the Z and Rank indexes.
The Base Index presented 75% coincidence with the direct selection due to the strong influence of the characteristic. Grain productivity in kg/ha exerts a high influence on the other characters of smaller scale, a problem that does not exist in the Rank and Z indexes since their scales are dimensionless (Ramalho et al., 2012) .
The Base Index and the Direct Selection showed a high coincidence between them, which was low in relation to the Rank and Z indexes, leading to the selection of cultivars with good yields and grain quality (CMG 2188 and CMG 2119). However, CMG 2185 and BRS Esmeralda were selected because they had good grain quality. Two of the most productive cultivars (CMG 1896 and CMG 2085) selected by direct selection did not present the best quality characteristics and were not selected in the Rank and Z indexes. Vivas et al. (2013) with papaya and Freitas Junior (2009) with corn showed good results using the Rank Index. Oliveira et al. (2008) with passion fruit and Rezende et al. (2014) with coffee also observed good results with the Z Index. These authors also showed that the Base Index obtained better performance when used to select characteristics such as productivity, similar to that observed in Vivas et al. (2013) with papaya.
In the literature, different results for the evaluation of index efficiency are found because of the different type and number of material, the number of characteristics, the use or not of economic weights, and the generation of the population, used in the studies (Bernardo, 2002; Ramalho et al., 2012) .
The Z and Rank indexes presented the same gains, since they selected the same lines. When only grain yield is considered, the gain was lower than the direct selection and the base index. However, considering the sum of the gains of all the characteristics, the indexes were higher, evidencing a better selection for grain quality characteristics. The differences, when comparing the estimates of genetic gains obtained with the Direct Selection and the estimates using indexes was also evident in the study of Vasconcelos et al. (2010) with alfalfa.
According to Terres et al. (2015) , when using selection indexes it is possible to obtain a more homogeneous percentage distribution of gains for all the characteristics, unlike Direct Selection that provides maximization of the individual gains, which does not allow the obtention of satisfactory levels for the other characteristics. The Rank and Z indexes are considered easy to apply, since they do not require the elaboration of matrices of genetic variances and covariances, besides not using economic weights to their characteristics (Ramalho et al., 2012) . In the present study, it was found that the genetic variation of the genetic variation was not significant. In addition, according to Rodrigues et al. (2011) , the rank index facilitates the decision of the breeder regarding the genotypes to be selected and/or discarded.
Conclusions
The Rank and Z Indexes are more efficient in the selection of lines with desirable characteristics for grain quality in upland rice since they show higher and more balanced gains with high coincidence. The Base Index is efficient only for selection of grain yield, being highly coincident with the Direct Selection by the productivity, not obtaining desirable results in the selection for the quality of the rice grains.
The lines CMG 2119 and CMG 2188 obtained the best results for grain quality and yield, being selected by the indexes and also by the direct selection considering the productivity.
